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Fxela at tne invent xon 

The present invention relates to a. film- type catalvat 



^^.5 St< .■■^> r> ^ ; ^-'^ i" ^ ' K *V 'f ^ N / «i t"^'. T> 

Fatty^miftess pr^^duced. f roin tallow^ coconut oil, palm oil 
etc. as tlie starting ^at^rial are imijortant interx?ieSiatea in 
household and ixaawtrial fieXaa. Farticularli/, f atty tertiarF 
amines are conver ted in to quarter nary aii^mo^iuia aalts etc. and 
utili^Bd in a ij^iae variety of applications aach a^ tlae field 
of f iSer sof tailing finishers, antlatatic agents^ rinse bases 



<s r f'i 



a 



Convent iojially ^ there is known a me tnod wherein an aleDhoI 
n^ a primary 02^^ secondary a??^ine ax^e used as the s tar ting TT^a terial 
to produae the corresponding tertiary an^ine wherein a hydxogen 
atoTH bound to the nitrogeil atom of the priH^ary or secondary 
aEiina has been ^ubstxtuted by an alkyl groisp and/or an alkenyi 
gronp derived from the alcohol, reaction, mechanise? is 

co^nplicated, and not oniy iT?ere hydrogenation reaction but al^o 

<?vly;rn*5> mQ.iA i V. ,1. v-^n u^^^Uy 0,;u'.^.'vj^^i^ \., «. c^a.*^ >^ vJ'^.^jv? ^. s-w.^, 

o or o c « ev.s A* r u -Sv ^ «Lne<^^ u s» x v « 

j*or exam^xe, v jb^-n^ ax^c.tu^^e^s^ vj. ^uev-i^Ou o^ri-,is.i..iArii9 
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an objective tertiary amine in Uigb. yiela by -using a. catalyst 
ba^ea copper /nickel/ third oosriponexxt . 

Witli respect to tine f ori^ of a cat:aly=st ased in a f ixea-bed 
s^ste^Ti, a moilded catalyst in tha for^ of :pelXets> noodlea or 
•tabl e-t s^.l:iave;b0^B cpB:van tioj5.a Ily v«aX i known . Powaery isnbs tanoe 

^ - ■ ... 

a molded product with, a structure; having nus^barl ess pores in 
it to t isf V both bulk form and large surf ace area . Smcb molded 

■ ■ ... .... 

oatalyBt ia disclosad in, f or example. JP-^ 6- 211.754 , 

Another f orm ot the catalyst: ^^sed ixs tb^ taxed- bad system 
a monolithic catalyst is known. For example, JP- A 2003-176255 



disclos^a a reactor ha^ii^g a catalyst metal adhering to tlie 

In. the monolithic or hon^^ycoii^fo ca,taX:rst techBology, 
technical discloaure on pore structures of tlie catalysts is 
foUBd, For exai^pla, J?-Ji 2002-355554 disclosed a coated 
monoXitbio substrate oontaining a wash coat formed fros^ a 
soliiJtion f ormng a f^irf^iryl alcohol - containiBg polym^ fross^ 



In tfeS; monolithic or honeycomb catalyst teohnology , mas^y 
exansir^ations have been ma<^^ for supporting a catalyst active 

.,s > .; S>v ^ ^>-» .-"^^^ ^^•\v> -i J ; c?- -nj V;N:?" j"^ iSi "5 "TY •''^'^ >"""^« V V"' f ^ ' > ! 1 '■"5 f'i i ^ -i?^ ^ 

^,l0 -a^t i-. a .<.: O 5 : ■TJi i^O .i, <vt V 5.-> -Ct ,^ i .i y jjjv ^ 5>-. ^A. ^ ^ ^v. ,^ 

.^v.^i; v-v Vi ^-s. v-c -L--- '5. -v* >E^ f*^ f n^^iisi. :k <i T^^OT" cii "V :^ A^V?"!; 1 <^ ."T'i^ »4 — '5 $V 4> 
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^ ■ .-V -X."--'. ..--w ■-H'-^ .i^-w v'^-sL--^'^'^ ^ ■O ■> ■'s V^- ,^x> -^l ■> •^***' v"*^ .^V A -t S L^^'V'tf^ t-^ ■ M-*- ^T^V N s \ oV- 

V- r «V« V-^>%.'£.-- X-«V«%>«.«- >^2> W> .Ik.' > A«3kV^ V*S ^V«VVX V^i> «C VkA. .W ^-w V> XiX. "W^VuX W "w,^ V^-..Z-Ai . ■N.C^ ISAi v**.^Ai.^Vv 

^ .... . . ... .... .^^-1, 

■ . ^ • - ■. « * ■ ^ 

U^u Ju. V .JS^r^i V ^ -^ Cix. V -^ i^'^^ ^i- v > 

- JiV .vX- ^X -.^ 

photoc^ ta.lye<t prod^aced by coating a substrate %^itM a coating 
solution coxitaining a pliotocatalyst activ-e material and/or its 
precursor and a subliming agent and then sublirr^ing tbe sx^l^l isr^ing 
agaat thereby f Oi:'ming poras^ 



Bum.?:^ax' V of tb:e 1 n veB 1 1 on 

producing? a t^arti^rv amina , wl^icli used in prDducina a tertiary 

Btartii^gj^atBrial and a proaeas f or producing a ter tiary airtine, 

wbicli includes reacting an alcohol ^ith a pri^T^arv or secoBdarv 

.^rf ... iJs- ■ ■ ■ ... ...... 

amine irsi th^^ presenae of the filiri ^type catalyst ^ present 

.V.*..*. V<WiL'S»* ^A'^>9 *A -Iv"-- %v 'iv >• !C*.4SVvU A'>iVh»> y. Jk. W ti*. >w !«• -ii.. i-ti-jk. ^wii.- J». V--' Jl Jt V,**- *<t s<!» V. JCA. VV f^* ^ 'j>;£>vS.;4ps v 

or secondarv amine . 



Pi r' 'i ^ f T> i^, >^ i ^-^i o J- 5=^^ ■'^ r a ^ nc 

jta. viv .V..' v.* V... .C. ,v. VV A A ^« V- -X .^ V.- 0»- 3>rf*. W .«v>. JL V< tv^- 

,£?1\^' > jL- ,4. kS .<3tu 5.,^ yi. .'©W O i. C C .i..a. L. ..lu^^^^-i 

« WS^yyNi-^ 'I is i'^nV^ y^-?-; X s"^ a i'vo c"^")! 5 ■'5 i^'*'^^^ J*^ *■ S:? ^5 i*^ ^^3: '«■^ i^i V 
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^. . ^ -wV". X?* tf*^ -A* V- *»* ■^•r 



•a conduit , 11 is a conduit, and 



v"i^ i'^ 5*> t--' T" 
■N.V' vi-i4 "w > 



•X- -.■>-. » 



X,- v VA, V:- ■V*- 



'^"t"- -H^ «^ 



ad dea^criptiQn of the invention 



teclmiquas sucb as agitation aiid gaB bubbling are necessary 



for ef f ectivelymxing raacs tan ta with the catalyst wh^n a process 



£ s\ispeHsion-i>ed svBtes^t using t^aa catalyst ix^ a powdery fors?i 



used- In tive procaBa of Buspenpion-bed syEt^^s, tbera is 



tlie probleai oi coiiiplex f aci lit ies ana oparat^ion auch neces si t::y 
for seoaration of tbe product from tbe catalyst by filtration. 

On the other band, a fiscea-bed system can ba mentioned 
as a x^rocBSS neitbar recs;tiiring the operation of iiixscing tiie 

C a ^. a X V VS U i.-i'V a>»^ a. U^Ji X>>i V.Jii ^ MCv^* ,ro' ivV>..>:,^.va. .0. i.i v.. V.- j;..'VA .J;- -v ..VJ>;;y. V. 



whexx tbe molaed catalyst as 



sC? >U 'vx .•>,«:.;'■ VJ. •:•=> v^- v.v 



in this reaction to obtain the t^roduct in ^ bigfe rate of reaction. 



undesirabie byproducts includ^ss not onl^i? wax or co^^^ens^ateB 



qenBratad by side reactions of an alconoX as the starting 
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•»<.iI>A'..^«..- • ^.*»! ■■■v. V li^. ii;. i^w. ■;. V,* .V. y.» V.-- Ay. "•••;■ %..> vl. v va. ■■'.■v ,J. v. x.'' -^->j v.-- v. v.- i-.s. V- v.-- >.-•>. .v«-' J 



v<-'S.'<v .'l^'. 1^ ^i.^V.S L..'>\^^4r ^ > >^ V 2..!.v7Iir'..V..V v.- wLi^Sjii Vtf X...- ^..-^ ^^i jl .V. V4 V^- !0' tk. V^'^^!.. Vk im.~ -iA. V v^. 

----- - .. _J^^- - .-- - ------ .-- 

b ve ly examxnea. buc xc nas i:>een axi:r.xcu.x.;c to carry cut: 
libis reaction biialilv selectively by ari easy Droceas. That is, 

JP 2D03-1762SS supra feas xioted tl;^at: because in 
Idquid^ S^^sssasre drop the reactor is small so tbat the Velocsity 



s-.« ^ ^-..vaX-.- iiJ -V>4i .-^ . -\-i<C ^v. vvi 'v^ni a ri'. <VA x-*- v.* V->. Xv- v-*\ . i- V^-aA^- >w;- x-.x Vv w v»- x^ 



advantageous in promotion of niass transf er ox^"ar a eoriventional 
reactor iQadea witii a fixed bed. , However >■ tixe react ioii 
specified cliereln is a r^aotion fey ^iit^tsie median ism only such 



atom-coBtainina compotind is intended. Other examples 



eacti>Diij and there is no example wheraiix the reaction is apg^lie^a 



a reaction having axtramely .complex .mec'haniam,. such as a 



reaction of an aicohoX witli a pritsary or secondar^i^' a^ine ass 
the startixxo material to giva the corresDonding tertlarv amine 



^ V^. l^i >;•"• cH ^ 



S i.*". '?\ , t \ t A ' J V V'*. V*. *\ >^ V V N^-V "-V- ^"i i^v -fc"^ oV '^V^ '-^ y^'j- i^-* -*^V -^^ c^V **S 5-'' ,*^»SL "J*" 

w i' - U V .<^* " >C> x5 x> i5XJ.pX vies5.C^l. ii^i^veS? U.tJia u jOw vii i^iJi<E? u O:i» i..<rSM 



area in the rancre of 0 . 1 to 2S m^ /q^ therefcv attaining the reaction 



■i iv.J' « V ,f <>,'.t.tv;' w :s.*. w ^ ^^.^ w A "kwO ^ : ■x^" >».- -.^^ x-,- N» v.- -iv' Wvl^'' -a^. ^.y v«> v. \.a >^ ly 

s^:icli as a ster? of deposit; ina a waah coat and: a 8 tep of ai;;pportinq 

-C cA u- .i. y S.. ss. .S. ss. i .> Q C .4 A O t.* JL 2. iSi. >.ir £s s., ^i^: i ;1 SS. A^;, J. V X. .^^ -i. t.^ U. J. 

VMi ^VS ^H" V- '-V* V»fc" •>J>J\." VM. -y !S<^ N*' X*.- X«U i^^*' V- A* >.0 "Ni^ Oc- V** ^ik* "aV Vo X"^ 'wt fvs Xi-" -VK- ^-A-Vy*. ^A-i -%>>i V.-" 

pl^ysical properties , so tbe reaction activi ty of - the qatial^jTst 
is hardly ^scfeiblted. 

stetJ, the catalyst film obtained fe^y the first s:soatinq/drvina 
£$tep is coated further with a binder aoiutloir., at^d thus the 
adhesion in tha interface between the catalyst f ils^i and the 
jpinder aannot he suf ficiently exhibited. If the birider is used 
in a large aKiount to increase aclhesiveness, tbere are probleKis 

y^«^ V4> V-fi- -f-i^ >^ v7 v^N 4^ ^ !>m^-.:^^ S' V>•^l ^w* v... .k.. a. Vw- f^. m.^^ V -w V- S^'- \a ..^ v. t^.!^ v*-^ w 

JWi. >A.- -tn^ 

agent in JP-A :S0S3 --135972 sx^pra are greater than the tbickneas 
of the catalyst layer to permit the .substrate to he topically 

cvy e r X o*:^ A* e r x s>- e a. vv. a c Kir <*Xi:U ii* a-^v j:. .uy j» v. ai> j, o .i;. iiia .t. <.;^ii i a OvS. i .i, 5. ox i 

^' ^ LVf' ^ i t "1 C^*< L V 

•ARt W^. -HM- ^ SfcV •-•Jv 5)h^ y 

.^N. V n ji to p c t.: 5v, o iv,n« Sito 1 Av*' .t. -i. !». ox ii^^^n*::?^-' x.^ 0.11:^,^ w a u «a y t 

fii ^ ••^N. v^. .-vsy ."^ -t^ v*^ "^"^ ^'>ki5c>'^ SSv^i**"^": ^""^ SS: ^ BS -Si "^Jf'i l^'X?' ^T; 

■ S iSi-^v^-**- ' j-X ■ ■■ V^'. X*"^ '"i **^* '''V -"^ ^ "S^ .'•V V -^v ^^»V - *t > ■ >v 

■S> Ut l-I^J'J^-' -w*..:- ^i.-. W .i^ V-.On.AN..;- v.- ...i, >I3:- -w^iL- V-: A .A - .1- -i^ySS. V v,., .^^.> V,. S.-.:- -^vV V-'' .:Vv-S >-N^ ^i- .t-V S.-'' V-i- V-V -SV 
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da^crifeed above. Xn the i^iethod of fixing a powdery cataXyst 
via a binder onto a substrate , ai^oug the saethods mentianed above , 
tbare ia a proble^vtbat the coverage of the surf ace of the po^clery 
catalyst witfe tha binder causes a reduction in tlie reaction 
rat^, while wfcen the: aj^ount of tlie feisider is too raduce4> .the. 
retaining properties of the powdery cataivBt are deteriorated 
and release of the coating easily occura. In the method of 
fprxi^ing a catalyst active aubstance on a s^:bB.:.t:rate^, calcination 
of an native precursor to convert it into an active autostance 
is esssential. iso that oomplicat^d opera tio is s:ieceBS5arv to 
perform and preparat ion cox^dit ions should be exmniined In fnrther 
detail m order to endow the catalyst active Bubstance with 
suitable catalyat activity and selectivity with good balance. 

The present invention provides a proaeas fox naing axi 
al eohol and a primary or secondary amine as the star ting J^^aterial 
to proauoe the corresponding tertiary amine easily at a high 
yield and a catalyst used therein . For achie^?ing the invention, 
the present invention provides a filxi^- t:^pe catalyst having a 
snf f icient catalyst activity and b^ing hardly released, and 
a process £or pro'ducihg the film- type catalyst. 

In the pr^s^ent invention, the starting alcohol used in 
the proqess for prodncing a tertiary amisie according to the 
present Invention, is preferably a linear or branched C8 to C.3;6 
aaturated or nnBathrated aliphatic alcohol . Specif i c exartiplea 
include octyl alcohol , lauryl alcohol . myrlsstyl alcohol , 
^toaryl aloohol, hehenyl alcohol and oleyi alcohol^ a i?^iKed 
alcohol thereof., Eiegler alcohol obtainedby the SiegXcr process. 



an oxo alcol5,Ql obtaine?! fey an oxo process , axio au^^jrbet alcohol . 

j^^viw ^o -V.^ 'i-- ''i- ■^-■*v'v *^ c»X *'"V "^-s c^'v . v^V ■ "^v v v "W^^ ^ 'S'^'*- J***'- S % ^-'^ % ■ ' C"^ >*'^ '"^•"^ >*:S" sSf^ 

^ ■ i 1 iSuC "ti V v>i ■>'*^ V ' J > > \ -. \- >^ \ ■* i fw*^ Z- v> < 'C^? v. w j J \ -J ^ \ >^ 3 -i 'Jv^ fr^*' "t i "I ^ ■ % J v • i > % T .^'i -: c*; >x ■ 

.1. i^is^S Vv'^Si^-. 'kis ^4 «v^* ^ iiI.>VV y- '^j%y' X-L >^j>. ^--^ V" V*- V< w ■ »sm -^--^ VH-**%v-- Kv*' V.^ V«L.» 

f or produca.Bga tertiary a^inaaeooraiiig to tiaepresent lwe^5.ti.Dn 
includes an aliphatic primary ol: eecondary s^r^^ins?^ and ^ss^amples 

Starting materials give the carresponding tertiary amine 
therein a kvdroaan atom bound to the nitrpgen ato3:s^ oi t^$.e primary 
OX seco^idary amin^ has been ^^nbstl tutted fey an a Iky I group arjd/ or 

tertiary amine o£?tained from lauryX alcohol and dimethylamine 
Is p-do^ecyl-H^^-^^imetbylamine which is distingulBhed frox?> 

tridodecylamisae formed by reaction conoern^d with 
me thy lairdne and. am?noni a gener a t ed by di spropor t i Qn^ tion of 
disTie thyl amine . 

The film- type catalyst used in the prasent invention is 
different from a conventioBal catalyst of unordered packing 
t^ne having several millin^eters or thereafeoyt. and refers to 

™ ^ ,K vv-i-i :i «S> f^V^***¥v^ ^'N F iJ^ Kv^'*. r 1 Tb^ 'Hv» \? iT^^5 5S r $». SS, S5 

{ '^i Ti *J^a> ?s^ n^V"* *" >^ •f^> ,<i< s:> « r>£ t" v'^^ r^i^ r ^ v^ r' W^><;Y j*'! tii r e^-i ^ ''^^a'*''^ t"^ 

^j. 'iy> {v.v>.ti Vix.v--' -tN.- xS.'tSf vl^' tf .•>>-. 14 :«!ii>' 'k,!* J« x^-.-i^i -1^, av> ^v-^ v^j>...-Vi^ x..'.-,-.s- • v v. ■v-t. j. j. •...v■ 

x, Vv v!v VN -r^- v"^ \ X V> *< ■< *" ^* t^" T «S. C^OT?^!2L:'?^'t^ K^f^ f'^V' d "rj'J^^ tr^?\ , 

v..i,i'5>5 p .>. OviS..! ^» 1^ .Ji wAJts5. ^ iiy .-i- SU-X;:; v.* .>,. v^i.^i'Sj: \^<X. i.vS*.^ ,Jf W s.v ;i^i''.'> V SSS^ tA'wVA -iV',^* v^K^v, .*., ^v, ■i^-.v-s? ^i, v^i'-*.-!- ji- 

-s .L-'s c-s ■> w ..-> o*-. *^ o ^ j^-" -tit j-^ i- ^ ^''^ O ••"i v 1 ^iy cii- V V"i ji> f^^.-i; S^; 

anUv n vii U-tvS i .4 v;. ^Si -X 5s: JU 5SS a v> w 5^S^^ ^^--^ V' S-"^ t.-' .!, Sns .V W i -i ^E? .iv iS:^^^^ jvf '^'•^ V-^-^ wi "^.N :s> 

J. .1 i> >i5 ..V iv.' w t;: U.4.i,!S: ,i:X...j» ^v*^5s4 U. 4^ a. V-.- V-'-v, v. .iAv-. v,^s5. v- v.v >^ v V. v^^SS,** 

Ca us^'^ -i:.. V S V. i-iU ,v iv^«.^A>i^-OUxSN.4:. V p -v %?;Jr>;:> -v-v^.^^^ ^-i-i^i^^ ^:iw<iO.. ^i; lis v v s-vs.^- v...i- v.^.s^. 
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OjL. ) i V. t^Vi^. ^: O- .1 ^- : .i, Nt^tx?.^ l,. vt. S* " V-V'"=^ .v^- va. w x,.v4, v-.v.vv. 

-sa ■^^ "5 x V w Si livv "Si "i j->.c» ^i-i *^ jf^ f ■5'"s''*-t"Sy'« H V- <^ ^ O i H K'5i\^?PTi ^ £5 S 

vZ'-flS. \. ^SL .S. V vli >V ^ iJriV 5]^; V jr. l^t Cl;.:v.\ 4.- .t. ..v . >J ^li...<.A. .>„kw(\.vAAVk;^.' s:.* w 

partic^^Iarly preferably 100 m;^ or leBS. i^iore preferably 50 
or Xaa^. in order to s- i.gni £ i:cax;it.ly l^cr ^as e the reaction aetl vity 

X. , t i> Vx* i^S .'V H *^ T^>> <» 1 ■O^N? fa- 1 ^ 'J I" O t" "1 O t^i 

is praf ej^ably 0.D1 jim or more, still more preferably 1 pifs or 
more, in order to secure tha streng:th of the catalyst layer 
jad attain durability pf- tne strength thereof. 

iotur^^ of the f ilm^type catalyst includes various 
structures depending on tna sliape of a reactor . For axaii^Ie, 
a catalvat coatiaq laver formed on a .wall in a tuba.., a. catalyst 
formed, in a tube in the foriji ot a thi:h plata by ^b.icb. the tube 
is divided, in an ^xial direction into a plural Ity of flow patte, 
etc. are ^??entione^ and ca^ be used pxefara^bXy in a tubular 
circnlating reactor. The catalyst may be a catalyst coating 
layer or the like formed ob the surf ace of an open x in- abaped 

tank reactor. In any eases, the catalyst is preferably 
trncturad sucb that supply of the r^actancs to the catalyst 
and recovery of the product from the catalFBt caB eaBily occur. 
Tlie surface- of tha catalyst- where supply of the reactants to 
the catalyst and recoyery of the product fron^ the catalyat occur 
is desirably aa large as possible for efficient progress of. 

. w . v.- .-V 'Si^ ^5-^: ^s-^ "J .-s IS O •»v T- V-itf-> -i? T 'i; w'* " 55? >^ :^ %'*t iii is x.v*i: j-" :j; v^Si i: o^i 

x^.^.,., V X "Iv .-.s V " x'-v .--V >>: >^ vc- v\ .'-^ ->> i 'j-x >rN ili i5 c"""* i;< ■> ? x -^■^> c'N'- -J "x-"-; '"'^ -ci^-Y"" 
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of several iailli5^>«^texB to ^ioveral ten mlli^r^et^rs or the 
inner vail of aliosleyaomb structure ha^^lng gseveral teB. to several 
hundred cellB per ^^qviare xncti. 

For forming the film- type catalvst in the various 
strtictures^ there la for example a inetiiOd of f orxs^i^ag the catalyBt 
active aubBtance itaelf into a honey coinb Htrtict-ure, but from 
tb^ viawpoint of satief 3^ing both a thin oataly e t layer aim high 
mechanical strengthv the f ilm- tyipe catalFst la pref era^fe^^ fixed 
on the surface of a siibBtrate , The film-- type oatalyat in 
preferably a metal foil. There is for example a i^^et hod wherein 
a coatisag lay^ei:- containirig tl:ie catalyst active substance Ib 
formed pn the surfaoa of p metallic or other rigid ^ tubular, 
planar or honeYOOH^fe substrate to prqa^co the f i Irsi- type catalyat , 
the coating methoa. it is possible to use conventionaXly 
known methods including not only physical iaeposition auob aa 
sputtering, ohamical deposition, and dipping into a solution, 
bHt also various coating motliods with a bihderl sxsch as blade 
coating, spray coating, dip eoating, spin coating, gravnre 
coating and die coating. 

The active snbstance constituting the f ilm- type cataiyBt 
is not particularly liirii ted andma5^ a known active aubstance, 
and generally a ssietal auoh aa copper caxi be preferably i:;sea, 
and a metal containins coppjsr is iriore preferably used- For 
example^ uae i^ made of Cn alone or axj^etal containing 2 cor?5ponent^ 
that Cu and a transition 5^etal clement anch aa Cr, Co^ Hi, 
Fe or Mn. preferably a ^eta.1 containing Cn and Hi. Further, 
a i^^etal cQntaining 3 components ori^ore is also preferably used. 



Further, thei^etal S)apported osia carrier such as silica ^ al^mlBa, 
titB:nia or iseolit^ can also be ^aned . 

The f ilriv-type catalyst can contain a biBder which, does 
not B:^t: aa active s^sbstance but: f ixes tfee active substance 
to form the f t:.^^e catal;^at . The hind^^r includes 
high-5^K>le-^iiIa^' or -inorganic. .•c"Ps^poun:ds which are durable to tb.a 
reaction environments, do not adders els^ afieet the reaction 
syBtem aiid ha^e not only a... proper t.y of binding particles oi; 
the ^ctiv^e snbstance together or binding the active substance 
to the anrf ac^ of a substrate but al^o properties anch as chenjioal 
ro;^i8 tance and haat resl a tance , Exa^p3.as of the hinder inclu<Se 
eel 1>L^ lose rasin such as carboxymetliV'l oellulose arid 
hydroxyethyl callurose, fluorine -based re^in such as 
poly rtetraf luoroethylene) aad poly C:>^inylidene fluoride J , 
high-iBolecular co^poiandB such as uretha^a reaxB* eppxy resin, 
polyester resiu, phenal rasin, melamine reain, silicons resin, 
PDlyvinyi alcohol , polyiinide resin and poly iiuide amidB resin, 
and sol of inorganic coiiipound. such as silica ^^d alui^ina:. 

The internal struct^ire of the fil^^- type catalyst depen;4s 
^igBif ioantly op. the type of the active aubsta.^5.ce constitiiting 
the catalyiSt and on the method of prep^riTig the catalyst, and 
inay f orm a den^e contin-uous phase or r^^ay he porous . For example^ 
whan the catalyst Ib a thin filni foxsjied on the surface of a 
substrata by sputtering a^iiid ohe^iiical vapor deposit ion, the 
catalyat can have a <Senae eohtintous phass, wliile whsn the 
powdery activa substance is used to form a thin fllj^i on the 
aurface of a subsstrata by wet or dry coating, tba catalyat can 
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aubstratec a eoatin:g contaliiir:^g a pov^^dery catalyst active 
BuJ:ista.n.ce a binder for fixing it,.* Partic:ularly ^ in the 

f ilm- tyx>e ca:t al.y;s t di^ta iiied f oxsiiln^ .oa a sabstrsite* a coatixiig 
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co^oanding ratio of the powdery catalyst, to the synthetic resin 
can be regulated in. such a suitable raxige as to control the 

■ ■ "rt^. .... . . . vim 

degree bf a5cpoB\ire of tiie powdery catalyst and tbe binding 



strenatn amona the catalyat powders and the biBdiiig streBatb 



between the substrate aiid the catalyst pow^Sers > 

In tbe film making .method*, the convpounding ratio is 



preferably a ratio of 20 to 80 pairtsj^y weight of the sysithet^ 
xeeiB to IQD parts by weight of the powdery catalyst.. The 
film-'tvpe catalvst exhibitixiq the reaction activity 
particularly effective as a film-type catalyat and Mardiy 
releasing its coatin.g can be obtained by further controlling 



,v 
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CO 



3 0 iTi!L/m^. 



obtained by tiie. abov^. f.ilni- -ma-fclng- method* the surface of the 
powder;?^ ca taly s t i s coat ad whol ly or par t la 1 ly wi th the sya the t i. c 

^ -w^ "JV 
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toriJ^ a 3 ■'<^^^5^^5^3ioDal network Bt:r^lct^i3:ev:5,d^ u^x^;?; s^^N^Uvvi^^^?^ ^-u ws»^.a.v^ 
and air lavera 1 le Eca tterea in epacea ai^^oag the powdery catalys t 



£ilm-t]^pe catalyst can nave f graaxemt 



' i > \ •> 



^"t'==*?^-«sijYr' n ^ Mn-^ rat io O'f tk^ oowdBrv cat-al vst to t:!:^^. 



. A_ s^-^ ^ ^ >^ c-s ^ v. c^n. rr- .-"n i""^ i5> V' ?^ J \? "i' 1 ;;i {:^. <^ '1: 1" ¥^5 y^ say^ 



pore 



vis X.*\^-.\>!.' 



itietliod; described abov^, the s:^t:i:ietic r^s^sia is contaixied 



prefarably in an amount of 20 to 8 0 parts :w^igiat relative 



to IDD parts wight of tia© powdery catalyst, ^Jiereb;^ the 
catalyst acti-v:ity. or the binding strengtb. among tlie pQwdaxY 



catalyst particles or l>etween the powaery catalyst and tb.^ 



catalyst, tbe pore volume of the catalyst layer per unit surface 



area, of - tba.. s^-ab^t^-at^. ae.airably 0 . S to 3D . preferably 



*v -w. i;?v 



than. 0 .5 the ditfxsision rat^ In the catalyst 



* C^"^ > 



X B X n c r ^ a J:^ &^ a , 
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^ o tne reaction process , a axgn reaocxon ^ai.e csiu 



oowderv cat al vat DarticIaB and/ or between- tbepov^^aary catalyst 



1 



ana the aaba trate is reduced tnus reducing the saeckaolcssX 
strength of tfee catalyst layer. vfMle ^bexx th^^ por^ volxisTte ia 
3 0 mL/W or. less> t&e poxoslty of the eatalyst layer becomeB 
suitable, and ^aheslox:i a.mo:ag th« powder^/ catalyst particlea 
and/or bet%«eaB the powdery cataiyst and the substrate .is 
increased^ As a r^ssult , the ?T^e£jliani<:aX s trength of the ca taly^^ t 
layer is increased and sixaui taa^oualy th^ transf er of the 

reactantB and proa^ct cas^i be kept in an excellent state > 

The pore structure of the filii^-type catalyst obtainasi 
hy the f ilm making methoa is de. t ermi tie's .. 1- n; a step of eliminating 
wlatile ?::ompon^nts and in a step of formiiig a twined structure 
of ayuthetic rasia after coating a ssub^trate with a coating 
ODntalning tfee ayntbetic resin pref erabi.:y in the range of 2D 
to 80 parts hy weight relative to 100 parts by weight of the 
powdery catalyst , When the synthetic re^in ia tbarr^iOBettiag 
reBisi, tne pore struotrire is detexmiaad at tha time of forming 
a croaslihked structure inetwork strnoture) f ormed by progress 
of ciaxiBg/orosBlinking reaction, in addition to the step of 
eliminating volatile coi^ponsnts. When tMe reaction is 
acoost^panied hy eo^densation. reactioxi, the pore structure ia 
also inf luencea by tfea step of eliminating tl^e condensation 
produot . a result of eager study, it was found that vv^hen 

the pore ^olunie per unit surface area of th^ subs crate > as an 
indicator pharactari^^ the pore structure for^i^ed, is 0 . S to 
3 0 jxiL/m^ . the ssuf f icient reaction rate of the f ilm- type catalyst 
in tha reactiou process a^d the retaining propartie^^ of the 
powdery catalyst can he preferably i??ainta4ned . 
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tisc?e for f ilm- uvt^e c^stialv^^ t , as comoared wi tl^ tJie s^^thod of 
converting a cat^aXj^qt -act i-ye. sxibst^Ace precursor fi,x-<^-d on a 
substrate into a catalyst active subatance by tr^at5?:ient sucb 
as calcinationy caa be snor termed because reaction 
cISLaract^xistics in the reaction process can be sec^x'ed, Tli^e 
production proceas can be ssi^^plif led baoaiise tb^e coinijlicatied 
prod^ctiori process for Bxhibiting the reaction actiyity, sueh 

^ . ... 

Tho po'^^'dery catalyst used in the f ilxs makix^-g method ia 
preferably the one having particle <3iameterSv preferably ^ith 
sbarp distribution^ ox O.Oi to 500 preferably 0.1 to lOQ 

diameter, and a Bpecific Burf ace area o£ QvX to 500 m'Vg, 
preferably 1 to 200 m'^/g^ more preferably 10 to 100 m^/g, as 

'i'^ v"X 'C*.-^ X ^-XV"^ X*X-:* > oX "TlT^ J^^V '^X•^. ^X ^^^»"^-' 'S'*- ■n'XX^' "X <S"'jX'X *> '^'^'^ y^,^ ■t^^ - V X*''^ -C* y >*• 

x«« w 4. >> ^ x X xh- <^>4- -i^-^ y . w ^-.i- -i- .ic ^ w <r** i^A-x*^^ xi % x.*>^>-- ?js^ x'x 4 1> 5^ .os.- X.,- A x-k axx-** s«> ^^j" v>.x-^ t*** As > V x*v i-> v*^' Jt- y X> X* 
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can be prepared by using the follpwix^g ca.talyst carrier and 
catalyst active sub^taaoe precursor, 

'Phe eatalvBt carrier £or pr^parlna tbe po^^'derv catalvBt 
used- in- the f .1 Im- ma'Icina me tbed includes earriera sucb ais active 



carbox^. aluxaina ^ silica, :geolites titaxxia^ siliaa^^alumina a^d 
diatoxii^aceoua; earth, ar^a one or more carriers selected theref rom 

"i^ V H "i " ^ <i ^3 4^ ?v^r* ■J^':- ^S; jCS^ Vv'l V ^"^ ''^ <^ 1*- S^- 1**" 
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^'he catalyst activ-^ substance precursox for preparing 
the pov^'d;ery catal^r^t u^sed irx t:fee f'iXn^ Jtiakiag ^i^^thod includes 
atilfaites, nitrates, .aim-j^onium .cQmpl ex: aaXt/e,. acetates, .oxalates..^ 
acetylacetpnatas and chlorides of ssetals si^cla as tl^e fox^rtb 
tra^sitioxi metal elameBta in. the periodic ta^ble such as Cts, 
JSil, Sn, COx Fe and Cr and thB5:2 platlBnis^ elements such as Pt, 
Pd and Ru, 

the :^iiethQ.d whereiiv tne powdery catalyst used in the 
f ilin tnakix5;9 ^*ethod is prepared froni the catalyst; cas^xier aud 
tha catalyst active sub^tan^^ it ispoBaible to asjiploy 

conventional kno^n methods such as a dipping method co-^dipplB:^ 
methods co -precipitation metliod and ion ex:chaiige method. 

The synthetic r=^ain used in tlxe fils?^ leaking metiiod is 
pref erahly a reain excellent in binding propertiea aiTiong tbe 
powdery catalyst parti clea and between the powdery catalyat 
and the surf ace of the substrate., being durable to the reaction 
environment and riot adversely affecting the reaotion syateir^. 
The sysithetic ravins used in^^Iude ^arloixa therinoplastic resins 
and ther??iOBett;ing resins, fos: ex^BpIe the high-moXecular 
compounds ?uentioned in the abov:e escaapleS: of tbe binder , and 
are preferably tl^ose capable of attaining bigh-moleoular 
weignts? tbrough cross! inking roaction of the synthetic resins 
with a cnring agent. Particnlarly , thermoaetting reainB s\ich 
as phenol reain^ furan resin and epoxy reBin axe preferable, 
and iiiora preferably tbermDsetting resin un^ergcing 
ccndeneation reaction upon curing can be uaed. when auch 
thermoeetting res$in is used, the crosslinking density is 



iaACZ-aased b.^^ tb.a cx^ririg reaction., whereby the strength of the 
res^^lting coating and Mndlng properties are im:prD\^Bd and tlie 

t'hereby enabling sxif f icl^enf utilization of tke catalyst 
activit:^ of the powdery catalyat, 

Whex:i the Jlllrrv- type catalyst ie proxSuced by the f ilmmaking 

be jnentioiied as one example of tl^e eoinblnatioti of the powdery 
catalyst and the svnthetic res in. 

The coi^pdusiding ratio of th^ powdery catalyst to the 
synthetic resin in the film mahing metkpd is preferably a ratio 
of 20 to 80 parts weight, more pref eraMy 30 to 7C^ p^rts 
by weight, etill more preferably 4 0 to SO- parts by weight of 
the syntBietic rasln to 100 parts by weight of tbepov^^ary catalyat 

to the ^^yn the tic rs^in in the range mentioned abov^e, the degres: 
of exposure of the ppl^^dery catalyst can be control lad to 
effaotlvely iitill^e itss oatalyst aotlvity, and release of the 
coating can be prevented. When the amoun t of the synthetic: 
resin incorporatad is 80 p^rts by weight or I^as, the thickness 

slvBt or the dearee of cover.aae with the synthetic resin 



■< V-A. i_- -_- 



. :L i,l O A. <.>0 X 5rs. .iV i^-- a .i. U fe: ,!U: V v<;? ii: V i. V. v.o .i. ;v . 5?^ i .i » x,- ^^^t ii* A v s.- V- .^v v U- 



the i^pwdery^ cat^ly^^t- particles or betw^e^i the poijsdery catalyst 
ana the ^ubss^txate can iiT^prbved to rs4uce •fUe a^^oant of; the 
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in addition to the powdary cata.lyat and iSYnthetic .re Bin can. 
ba preferably uBad in order to prepare a coating, Tlie solvetit 
isiay be ax-y solvent whicM does not adversely affect the reaction 
activity of tha powdery catalyst ^ and depandina on the tv^e 
of the synthetic resin i^aedf the solvent caxx be eelecta4 from 
various kinds pf wa ts^r -soluble or water insoluble aolventSc 
and the pore structures of the film- type catalyst can be 
oontrolle^lby selection of the solvent . Examples of tba solvent 
include water; alcohols such as methyl alcohol, ethyl alcohols 
isopropyl alcohol, butyl aleoaol and allyl alcohol; glycols 

y4.^v^>:.y y^. .1. V r^S. \^ .X- y v^. wAi v-i- Ji-. .55? w .0?Jt ^n.- Xj> wt v., jl jlJ> vi^ s!!? *.i !^ V< .1, V V.^ y..s* ,,;y . ■. A. w 5.^ V -i. v:i*..i «I^ 
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derivatives thereof ^uch as glycerol T??onoetbyl ather and 
glycerol monoallyl ether; ethers such aa tetrahydroiurar^ aud 

k ® t o^'^ a^'^^ a c t o ^ p - 1^ v d r o c r h o^"; s s > ^^^'h --^ 1 i o u i a a >^ ^ c s ^^^^ 

^ -A* - ■ ■ . .. 

daceue, Ai^ethyl naphthalene, decalin. keroaiue. dlphenvl 



methane. tolue?:^e, aim^tkyX -te^nsiene.,. ethyl bensena. diethyl 
bensi^rse. uxot^yX ):>enzena^ eyclohexane and partially 
hva.roaena.ted triuhenyl ^ silicoxxe oilB such, as polydi^ethyl 
siiox^ane* partially octyl - aufest I tu.ted po.l yd i methyl ??ilo5^ane , 
partially phenyl -autes ti .tu t^s^ti.. pplF^ixne tfey 1 siioxane a-nd 
fliiorosilicone oil; halogenat^d hydrocarbons -ssuah 

dichloroaiDhenyl and chlorodlphesiyl methane; £ laoridas B^ch 

im}0:Si:EI3SS, :Ltd,l ; ester coi?5pound%3Uchaa ethyl beBzoate. pctyl 
benzoate. dioctyl phthalate^ trioctyl trlmellitate. dibutyl 
semcace, ethyl (meth) acrylate, matyl (meth) acrylate and 
dodecvl (methlacrvlate; and besides diss^etfeylf oz^iiiamide, 

■ . . r ...... 

l^^-?iiethyl-pyrroiidQiie, acetonitrile and ethyl acetate.. The 
solvent is preferably the one hav^ing an excellent ability to 
SDlublll^e tne synthetic resin and may be a mi^ed solvent of 
two or inore of; aplvents. Sy selecting s solverit adapted to 

. Vs. v-»-->-.- ?-l..v. V... Vvv •• 

• In. the txlm: making s^^ethod, preparatlQn of a coating 
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bv usina suitafelv seleotad steps such as a Kneading step, a 
diaBolving step, a dispersing step with a sand mill or the like, 
aBd a filtering step. In the dispersing atep, a paint shalter. 
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preparatiQn of tke coatixig la the f ilm coating methods 
it is kno^ that^ by selecting suitable conditiOB:S s>ach 
aiBpersing t:ir?ie. tile raactiosi cliaracteriatl ca of tlia finally 
obtalaed film-type catalyst and tlie s-trex^gtl^ of the coating 
(cataly^st la^s^r) can be i^iproved and the release of the coating 
(film type oa.tal^^Bt layer or powdery catalyst) can prevented , 
Pas/ticuli^rly , the characteristics can be controlled ix^ 
connection with th^s d.egr.ee of dispersion of the coating. 
criteria of the degree of dxsp%r^ipn of .tha. coating caii be 
au^^ericaliy axpressaaby meaBs sucli as glossiness , a arindon^^ter ^ 
viaoosity an# rh^oXogical cbaracteri sties , In the disparting 
step, dispersing, traatment can be carried out f ioiently when 
thesolias eontent Df tlae coatitig is high, and the solids coxitent 
is pre.iara.fcly 10 to 8 0 wt%> ^ore pref erably 2 0 to 7 0: wt% , more 
preferably 25 to 65 wt%. Tbe ^leeosity of tbe coating is 
preferably S to 10, 000 )iiPa more preferably 20 .to 5.000 s^Pa 
s?till aore pref erably 5 0 to lOOO m^a-s . For axas^ple. tbe powdery 
oatalyat . ayntbetic rssln and solvent are added to a stainless 
steel vat> X0lx.ed and stirred until. viBually rscpgni?:abla i^ass 
of the powdery catalyst disappears, and then the mixture is 
transferred into a vessel of a basket mil 1 and tb^en xsixed. and 
dispersed at a pred^tarmlned revolution xiu^ber and aggregates 
.or foreigr^ scatter ars removed by precision filtration, ^bereby 
tbe objecti-^o coating can be prepared. In the ai spar sing 
treatment for preparing the coating, thB: Btarti^g materials 
^feen intro^ucoa in an a^oiirit of 10/000 g C total amount of tbe 
powdery catalyst,. syntheaiiS rasin and.soivent) for exaxuple into 
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a mix lag tank of a. SO-Iy basket are stirred desirably at 

goo to 3:0 0 rp?^ f or 3 0 to 6 0 0 minut:es . Tile aispera ing trea tm^rs t , 
when judged wit>>. glossiness, is cdnd^acted aeairablj until, f ox 
^xampl^> evaluated glosalpeHB confiri^ied vifi th tl?:?^e raacbe^ th^e 
masfimum^ Tba dispersing treatxi-entv when iudgei^ with a. 
grindometer, Is conciucted desirably, until secondary 
aggregation ha^ been xe<iuced in ju^igxner^t bass on the pri^nary 
parti 0.1 .e. diameter of the powdery catalyst. 

■Jn preparing: the coating hy the film snaking s^etfeodv tb^e 
coat log can be cso^Bpounaea with, a s^rfactaBt as a diaperBing 
agent > a coTtspling agent > inDrgaxxic partioles and f ibrosis 
materials aa agaregate, and a liigh- boiling Int solv-ent as 
aa agant for aiding in IncreaBlng paroaityv in addition to the 
powdery catalyst, synthetic resia and solvent > Tbe coupling 
agent liaB an effect o£ improving pbysical properties by molecular 
croBalinkaga in the int>srf ace between the inorganic til lor and 
the organic polymer itiatrix. ils tiie coupling agent, it ia 
possible to use a coupling, agent generally known as si lane 
x:^oupling agent, tit^nate-baaea coupling agent and 
alx5.5T5ixiate- based cot^pX ing agent., and a ooninipatipnof aplurali ty 
of coupling agents can be ificorporated and be used af ter 
dilution with a cDmpatible organic solvent tor concentration 
xegiJ-lation. As the fibrous materials, organic or ihorganic 
fibers are uBeS. The organic fibers include poXyamide fibers 
such as nylon 6 and nylox^ 6 6, arasi^id -fiber, polyvinyl 
alcohol -based ^ib^r, polyes tar -baaed polyotbylena 
terephtbali^ ta, polybntyXone terepbthal a t e fiber . polyarvlata 



f ib ?3 r , po 1 y v 1 n y i i d a n^e c h 1 o r 1 da • b a s e d f i b e 5^ ^ po 1 y v^- i n y 1 
chloride -based fiber, polyacrylona trlle-ba^^^^ fiber, sr^d 
poXyolel: ixi-baised pol y^^tkylet^e and p 0 1 ^'pr opy 1 e iie f ibexs <^ Tbe 
organic Cibers include organic regeiierated f ibera sach as 
cell ul OS a -based rayoxi, acetate etQ. The i^ri organic fibers "UB^d 
incliMa glass fiber . carbon, fiber active carbon fiber , -q^rairsic 
f iber and aabeato^s^* and tbe i^acbamiaal sLrengtb of tlxe catalys t 
coating pan be improved, by the effect of the aggregate. 

Tbe substrate useiS In-.- tbe i 1-m making i^etbod may be a 
Bixbatrate mde of a aurabXe material not adversely affecting 
tb>3 r>^actioxv s^^t^^ in which tbe fiim-type catalyst of the 
present ix:ivention is uaed.> The s^ibBtrate can be selected 
s\:j.itably aepending OB the ^hape of the obj ec tive f type 
catalyst and can be a planar, ttabular., hoiieyco^b or moaoli tbic 
aiibstra te\ 

As the planar substrate- used in. the film making i^etfeo.d.. 
a substrate having suitable procesaabillty enables shaping of 
the catalyBt forniea into a f 11^:. and can be preferably used. 
Exarrspl es of the planar subs tra te inciude a copper f oi i , s taini ess 
iSteel foil, alnminum f o-ix -^tc . The coppeX: foil and ataiulasa 
steel foil can be preferably used from the viewpoint of 
I? r o c e s s ab i I i t y and cc; r r o s i q n rep i s t an ce . 

The honeycoHfe^ or ispnolithic: substrate used in tbe film 
making rjsthod includes >. bmt are not limited tO: subB traces 
containing cordlari te , carbon coitipos i t e ^ n^ullit c3.ay , 
magnesia, t.alo, sirconia^ apinel , al^^ina, silica^ ceria. 
1 1 tani a , tnnge t en> chr Q^i^a , stainless s teeX^ coppery aluml na 



and aicki^l . The term ^^boneycopb" refers to a B:hap^ lAavi.Hg a 
larqe xl\3jnb^r of aa^eri^bled cell^ £ormin§ a feeas ^ n^Bt structure 
divided with thin walls. The honeycomb st:ruct:-Q:XB has a large 
surface area oer unit vol^^Me, and is thus preferably used in 
the Btihatr<5ite cons ti tut ing the fiXm-t^pe catalyst. Bach call 
l£> preferably la the fori^t of an equilateral triai^sla, an 
ec^ii lateral pantagon or an eq\silateral he:xagc:m in whleh callB 
can he asi^einbled with no gap, and the substrate can a^l^o be 
constirutedby combini section -shape cells or polygonal cells 
For example, an Integrally moldeh s true ture f ox^red by ejctrus^ion 
it^olriiaa, or a substrate formed by stacking , with a flat material , 
saveral corrugatecl layers ohtainad by shaping flat mat<^rial^^ 
can also be preferably usaS as the honeycoj^Kb substrate . 

The surface o£ th«^ snbatrata used in the film malting i^^ethod 
is preferably snbjected to rougMng treatment or couplij^g 
trea titan t from the viewpoint o£ iinproving the adhesion thereof 
to the catalyst layer. In t:his coupling treatiBent:, tJie 
above-mantioned coupling agent can be used, and pref erably the 
sas^e CDnpling agent as tsaed in preparing the coating can ba 
n B eo s 
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the surface of the SAAb^trate to forsTJ a film thereon. This film 
making method i^$ay he a oonveTational method including various 
coatina -Tiathode such as blade coatlrjg, roll coatlBg, knife 
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coating. The pore stCTCture is ragalated at the time of 
eliiT^ix5.atlng volatile qompqn^nts spcli solvent fron^ tbe 
ca^talyst fQrmed aa a film, ana thus tbe solids ooi^tent 

at tfe0 coat:i.ng in making tb.e filiti influence forinatiox^ of the 
pore structure, ^he solids cont^snt of tbe coatissg in for^tung 
the film iBpreferaJ^ly in fehie rangeof 10 to BD wt% , more preferably 
20 to 7 0 wt%. atiil ^ore preferably 2S to 65 wt% . Tfe^s viscosltY 
of tne coating in fors^dng the film is selected in a preferable 
range depending on each of luhe coating methodss srientioned above ^ 
and is prefarably 5 to 10. ODD mPa-s, STiore preferably 20 to 5000 
inFa-B. still more prafe^abXy 50 to lOOQ mFa-s, 

In the f ilmi^akingmethoa by CO the drying ^nd curing 

treatxnent can be carried otit af eer the coating containing the 
powdery catalyst la applied onto the Burface of the subsstrate. 
^he drying and curing treatment at^p is carrlad ont preferably 
in an atmosphere such as heated air, water vapor, nitrogen or 
an inert gas such as argari, or by uaing various mean^ auoh asj 
a method oi spraying such heated mediuii>, a method of utilising 
radiation heat with infrared raya or far infrared rays, and 
a heating ^system ueing an induotioa o:nrrant My aii electromagnetic 
wave. A co^iblnation of theae m^thodH or a B^etbpd of natx^ral 
drying (air -dryingl at ordiaary tem|:jeraturas can also he uaed> 
The volatil^s coTssponents elis:??inated in this step include cured 
reaction products and unreactcd x^^pnomer cosi^ponenta in add! t lea 

to the ^rolvent, 

The drying conditions in the fil^i making method by ccahiag 
should be r agu la ted depending on the physical properties^ of 



tbe Byntl^atie raBin and volat iXe coinponent^s based .on tlie Bol vent 
contai^ea ixsi the coating , and tb.e pore apructure ipote v6l>^s?sel 
of tb.e film-ti^pe catalyst can be .reg-alat.ed by selecting a 
Suitable Bolvent axiS sa^tting drying and carit^g conditions. 
^?l^at is, the pore str-uctuxa ia datermin04 ^lot oniy at t^ia stage 
of evaporatloin of volatile coxapo^ents ^uch as solvent from tli^ 
coating, but also at the tinie of formation of a crosslinked 
^triioture (s^etwork st:r\5ctiire) forn^ed by progress of: tlie c^srixtg 
and croa si inking r<3taction and also at the stage of ell.minatiosi. 
of condensation prodacts wh^ tfee reactioxj is acco0^ania<S fey 
conaensatioB reactions OeHBrally, th^ corripqaents are- 
evaporated more rapidly from the catalyst layer and tfee pora 
structure (pore diapeter^ voX^ime) la increased as the 
teii^peracure is raided aad the air flow i s increased in the hea tiri^ 
treatment with hot air. Th^ pore ^truotur^ is decreased as 
the temperature is reduced and the air flow ip decrea^seds 

In tha film - forming si^ethod by eoatin^^ the drying and 
curing treatment can make ubb of a method and coiiditions not 
adversely axfeoting the ihhereBt acti;vity of the powdery 
cataiyat, in order to reg-uiate the por@ yqlume in the range 
of 0 . 5 to 3 0 TaL/m^\ With respact to drying aiid en ring conditions 
with hot air for obtaining the objectiv^e film- type catalyst, 
the drying and curing treatment is barried ont d^Bxrably at 
a temperature of typiaally SO to 4 00''C, preferably 7 0 to aSQ'^c; 
^ore preferably 80 to at an air flow of preferably 0.5 

to 30 n^/aec, , rnore preferably 1 to 30 i:?^/Bac. , for a period of 
preferahly 1 or more seconds., more preferably 10 miniiteB or 



jnore^ a till ir^ore prei;era^bly Taliiiites or r?iore.. 

In tha fils5 maki^^g x^jethod coating, it i^s preferable 
that the coating Is dried itamediat^li^ after application onto 
the si^batrat^, therein tHe pore structure of the coating can 
be cpii trol 1 ad by ragul a t iiig the drying conai t ion a . Accordi^iglr , 
the time of from i or ma ti on of tlie catalyst layer on tbesutestrate 
to 0lii5^ix5.ation of volatile coirspoBenta such, as soIveHt is 
desirably ahorter, preferably within 2 hotirB, xt^bre preferably 

witiiin 3 0 Hiisiiites. 

When tharmosatting resiia ia uaed as tba ayntbetie reaiu 
or the plaaticity of tbe ayntbetic realn is reduced by 
cxoaal inking reaction in tbe film making method by coatiag, 
it is deairad that t;he coating film obtained by coating and 
drying is subjected to shaping while it remains uncured 
(prapolymer state j , followed by final heating treatBies^t to form 
the filiB-type catalyst. 

In thB tllm making metbod irwolv^iiig the final heating 
treatjnent, the drying- treat^iexxt carried out before the final 
heatfeg treatment Is tiniahea while the synthetic resin reis^aina 
nnreact^sd. Deairably> the synthetic reain ia partially cured 
to Bnch a degree that it can be handled at th^ ti^ie of sbaplBg, 
and the retaining properties and mechanical strength of the 
oatalyBt layer are iA^^proyed as eoi^^par^d with those at the tijne 
of coating,, and tha volatili:£e con^ponents, s\ich as BQlvent may 
ra?:^ain Ir the order of several % in the coating fils^. Hot- air 
dryi5:5g fore tba final heating treatment for obtaining the 
objective film- type catalyat is carried ont desirably at a 
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pref era:bly 0 . 5 to 300 aeconas . ^ore preferably 1 to 100 secorids , 
In tb^s fllss^ maklB.g method i^ivqX^^ing tke flpal heating 
treatment, the coating lavex ia shaped before it: is completely 
cured, wi^ereby th^ coatis:kg la:^er can follow the sfeape of the 
elastically def.Qrisea ^uba trate to ixt^pxove shaping 
processaMlity . Af ter the processing is t inisheov the coatiag 
1 aver can be c omp 1 ^ t e 3> y cii re d by hea t i n g t r e a t rr^en 1 1 h er ebv f i ss: i n g 
tlie cro0^1inke4 structure of tiie catalyst layer in the f inai 



jf the catalyst layer aBd rssdu^ing release of the catalyst layer 
the oowderv catalyst froii^ the film- type catalyst, when 
thermoplastic resin is eontairi^d as the synthetic r^sin, i t 
i3 deBired that the coatixig f ilm DbtaiBea by coa ting and drying 
is s?^biectea to shapincr and tlien to final 'heating. When 
thermoplastic resiti is contaiT^ed in tha coating f ilir^, residual 
stress T?iay be generated In the coating i^pon elastic def orTc^ation 
of the s^^hstrate subj ected to ahaping, thus adversely af x eating 
the retaining properties of the coating fils?^. Kceordingly. 
tbe atr^^aa can be relie-v-ed by th^ final heating treatment . and 
simultaneQUsly the twiatad e tructure of the tber^oplastlc resin 
is reinforced thereby re5:iucin9 the release of the cataXyat layer 
or the oowderv cataXvat from the f iliu- tvpe oatalyst . The final 
nea N^'-*-ny ^recitE^^SAiv. cojt.ve-i. i^jlo^ivs v sxi. ,v ^^^^^-'^^-^-^^'^ ^-^-'^liS o*,:. wiAx^ ..^v.- v.-^. ^^i .^^ 
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is car r lea out aesirablo/ at a te^iparature of preferably 8 0 to 
4 0-0*0 , ^ors preferably 100 to 2O0''C^ fox a p^^riod of preferably 
5 to 6 00 minutes:, ^aore pref arable ID to 100 xtdnutes > 

A reactor loaded witlrs: t:he filH^- type oatalv^t c^n be in 
variola fqr?^s including thoaa known in tJie art. ae85:?rlbed 
above, a ttibalar circulating reactor and a tank reactor can 
be s^eiiti.oiied. In thss case of the tubular reactor, the reaction 
can proceed con tiaxioasly or bat-c&is?.is-e by circulating tbe 
react^nts once or by. f eeding the reactants tlarougn circulation 
in a; circulating system therein the reactat^ts are fed; to the 
f iXsR-type catalyst in t-he tubisJar reactor while the product 
iiS continuously recovered therefrom. In the case of ttie tank 
reactor, the reactants ar^ circulated In tlie tank, to feed them 
to the film- type catalyst in the tarik, and the reaction can 
proceed continuously or batchwise. 

The conditions where an aicohol is reacted with a prir^iary 
or secdndary ami ne in the presence of the film- type catalyst 
vary d^^pending on the reactante, the product and tiae type of: 
the catalyst. The reactant^; inay be present in a ga^eoiis or 
li£|uid. phase . When a gaseoua phasie is preBent in the reaction 
eyatem, the reaction of tJrie reactante in an atpoaplaere of 
hydrogen, nitrogen and/ or a rare gas is preferable for 
maintaining the catalyat activity. When the alcohol and the 
primry or secondary amine are .present in different please ^ 
respect ively in. a reaction systei?? o£ gaBeQUB/liquid tvo phases, 
p-r-on^otion of .^aa-a. transfer between tbe t-%*o pbaaa<s by - ga ^ . bu&bl- i ng 
in the 1 iquid is deeired. The ma a a transfer can als6 he promoted 



by £ea:aing the reactaats? in a gaBao^aa/liqiiid mixed pbasa to 
the reaction field where ^ tl^^in flow aath having a i:^ia^^eter 
of: .several millimeters or less la formed from the f IXin- type 
C5$.talyst. The preBsnre in the eysteT?i Ie deBira};^Xy not 
Bignif icantly higlxar thas^ ^xormal pres^ux^^. ^1 though the 
reaction teiuperature varies dBpendingoo tlia tvpe of tlie cataly^st , 
the raacticn is pref erably conaxicted at a ta^iperature of iSJ) 
tQ 3 0 Water prodxij^jad as a byproduct in the reaction is 

aisch^rged frpis^ the react iqa a]s?^5tes^^. whereby progress of the 
reaction cax;. he promotad. aB.d tl^e catalyst actiyity can be 
B^aintained;. 

According to the method of the present: invent ioix, an 
aleohol and a priir^ary or secondary amirie can be usad as the 
starting ^^aterial to produce the corraeponding tertiary as^i^ie 
high yield by aii eaay process. 

^.ccording to the method of the presaivt inveritlQa. the 
objective tertiary amine can be obtained in high yield by an 
easy procea^ not necessitating any special mlKing operation 
or any operarlon of separating the catalyst. The filmvtype 
catalyat of the preeent invention, that iiS, tfee filial- type 
catalyst ofotained by the pro<2uction process of the present 
invention has a Buf ficient catalyst activity and hardly raleaaes 
the oatalyet , 

Examples 

*rhe follo:wing exas^^ples describe the practice of the 
present invention, ^rhe examples are sat forth for snere 



cSrculating flxed-be(3 reaction ap^^&xataa ahown In Fig. 1^ a 
fetsbbiirig. taaJ^; srreactiori apparatus in Fig. 2,. and an agitating 

flxea-bad reac^tor loaded with tfee catalyst- and capable of 
regulating tne t^Bip erasure hy external heating .• The buffer 



mixture, which oirqulate<g: by pump 3 betweasx t^ss buffer tank 
2 and the reaction coIuji^h I Raac.tantsi.ana/ar a p-r0<Suc t m±>i tuxe , 
an<3 a ga^eou^ prirrsary or secondary an^ine and a hydrogen ^a^- 
are f ad cositixiiiouBl^ througJi conduit. 4 f rox^^ the lower erid of 
the reaction cpli^xsii 1., while an tsnreacted ^at^^rial ano/or a 
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from the tipper end and i^trodncaa into thB bi;sff er tank 2 , An 
unraacted gas.eous. primary or secondary an^ine and wat^r are 
con txxu^DU sly xSisqharged through conduit 5 . In the component b 
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component a ara liqij^ef ied by oonden€?er 6 aisd returned to the 
feuff ar taak ..2 , a?id the x:a^aining gaseous cosvipoaents are 
aiacbaraed outside of tbe ayatem. Th.e inside of the reaction 



system is kept at als^jpet norn^ax press urea. 

In Fig.. 2., tha rsactlou tank 7 i s a bubbl i n.g- 1 ank f ixe-d - be.?d 



reactor loadad wi tne film-- tvpe catalyst B . Eeactant s and/ar 
a prpdi^?r;t mixture wer^^ acepAi^^o^iatea in the reaction: tank 7 an^ 
the tampara t ura eaa.fee. r ag^^Iated by. e^cterr^al heating . A gaseous 
pr ii^ar:^ or secondary a^^^ine and a hydi^ogert gas are f ed f ro^^ condui t 
10 through a giaas f liter plate (20) 9 arranged g^t the bottom 
of the reaction tank 7. Aix unreacted gasepua priinary 
secondary aaine and water are coxitinuously clischarge^ through 
conduit 11 > In the compohentB discharged from the conduit 11 ^ 
a va:por or ssi^t of components huc^a as ttie alcohol and/or the 
formed tartlarv amine sx^ay coataiBed in a<3ditio:n to the 
coitsporients descrih above, and these cosr^ponentB are liquefied 
by cond^riss^er 12 and xo turned to the buffer tank 7, and the 
reinainihg gaseoUB coiTiponents are discharged out^side of the 
aystem. The ins>id8 ox the reaction Byste^B is ]cept at alsi^ost 

In Fig . 3 > the reaction tank 13 is a stirring tank f ixed-bed 
reactor loaded with a s<|uaxe pillar hoiaer 14 oontaining the 
fil:ni-tvpe catalvst. Raactants and/or a prodiiCt mixture are 
accoir^oda ted in the reaction tank 13, mxedimder Btirrxng ^ith 
a stirring blaaa 15 driven by a motor> and the tempera tnre can 
tee regulated by external heating. A gaaeous prisnary or 
secondary a^ine and a hydrogen gas are fed throngh conduit 16 
to tne bottoi^ of the reaction tank 13. ^n unreacteS gaseoiss 
priiT^ary or Becondary a^ina and ^a ter are pontinuoasly diephargad 
through condnit 17. In the comp an ants dlBcharged froj^^ the 
condnit 17 , cOiT^ponenta aucb as the aloobol and/or the fortaed 
tertiary ar«ine may he contained in the f orm of vapor or miss t, 



13, asvd the rer^aix^irig gaBeous c0a^ponents <s.r€^ di s charged out 
of tha system- inside of th^ reactiion Byste:^:?^ is kept at. 
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Film- type catalyst A having a powdery cataiyst. rinsed wifh 
hvdroxvsthvl cellulose as a binder was prepared In the following 
i^nannar V 

isvnthetic Eaoli te was ciiarqed into a 1*^;L f lasks and then 
a solution of copper .nitrate^ nickel nitrate axxd ruthenium 
chloride dissolved In yater im a jaolair ratio of Cu i H 
^ 4 : 1 : Q . 01, and the iT^ix-tur e wa^ heated uxider stlTx'.ltig . An 
aqi^eous solution of 10 wt% sodl\mi caxbo^a.te. waa: added dropwise 
thereto at 9 0^C while the pH of the. aauequs ^plution was 
ooBt.rcilaa in the range of S to 1Q\ After aging for 1 hour, 
the precipitates were filtered, washed with water, dried at 
8G^C for ID hourB and calcined at eoC'C for 3 hours to give a 
powderv catalvet . The con tents of metal oxides and synthetic 

•Sk .... - ^.^^ ..... . 

sseolita- in tha resulting powdery catalyst ^ere 50 wt% and SO 

wt.% , respect i ve ly . 

10 oartB by weight of hydroxy ethyl celliild^e (SP— 50:0 
r:^ f ■ t ^ -s d b V r>a ^ ^ 1 fh^^it^ i ca 1 X ndu s V r i es. I>td^* were added 



ithicmass 20 p^s y 10 cm 3 0 catj >^ .5 sheets) was uB^d a.a a sx^bstirate> 
and the coating was applied thereof- by a bar cQater, a.ried at 
SO^C for 10 minutes and contact -bonds- d b^;^ a roll pxass machina 
to f Ik; a £1X^55- type csataly^t o^a both siciea of the stainless s^teeX 
foil, iks a res-alt of xsieasis-rexnent of the t.hickJie^B.s of tbis 
£ilm-tsfpe catalyst with a eontact - type f ilm tKicknesa m^ter 
(Laser Holoaauaa LGH- 110 manufac turea MitBUtoyo) , the 
tbickness of the film -type catalyBt on one side, excluding the 
thicfeiesB of th?5^ staxBlesB steel fcil>^aa 2.0 ^mu Some of tha 
catalvBt aoecimens thus obtained a:^ the film- type catalyst fixed 
both Bides of the stainless Btael foil were corrugated in 
a wavy form, a tacked alternately with the. retraining planar 
catalyat specimens aii^ wound togethe:r> ^he total weight of 
the f ilm type cataXyst, excl^idiag the weight of the stainless^ 
ate-^^ foil, was 7.S 



Production Example 2: production of filsji-type catalysts 



?ilm- type catalysts B to E having the powdery catalyst 



^Ti Si J-^ >p, 

Phenol resin (BE- 9480 with SS% non-volatlles, 
manufacturea by Sussitomo Bakeiite} was added as a hinder to 
the powdery catalyst prepared according to Production Bxa 
1, such that the oontent of no?>- volatile a in. the phenol resin 
wa^^ In the ratio shoi^^^n in Table 2 b^low, B-Butanol ^as added 
advent t^eratp such that the solids content Itha powdery 
catalvBt and non-vola tiles in the phenol ressin/ feeca?^e 55% . 
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then mixed and dispersed at 1500 rg?ra for 7 0 min;ate0 in a basket 
mill (as "3 manuf acturea &y-:*%S^:*^* XBDH WOREe^ Co. , Ltd., o barged 
vc^itn BOO {l&OO g) titania beads of 1.4 jtj^^ in diai^eter) to 
fprxfi a coaxing. A copper foil ( thickness 40 f m S.S c.b> x 18 
cm X 2 0 sheet a) was- used as a Bubstrate, and the coating- was 
appliesS by a bar coater on both si^ea of the substrate and dried 
at 1S:0'^G for 3 0 seconds. Half of the resulting dri^d catalyst 
spaclmans were corrugated in a wavy foriiiy stackad altarnat^eXy 
with tbe ramaining planar catalyst apecimons and wonad together, 
follow^^i by curing l^^D^'C for 90 minrutes to fix the film-type 
catalyst qx^ both sides of the copper foil, l^he thlckneBs of 
the restating filjn- type c:ataly on one 8i4e of the copper foil , 
excluding the thioknaas of the cppx>^^-t f oil , and the total weight 
of the catalyst excluding the i;«?eight of the cc^per foil were 
as shown in Table 2. 

Production Example 3: ProductioB of a f iim-type catalyst 

Film "type catalyst f for pilot scale reaetior^. baling 
the pois?:dery catalyst fixed with phenol reaia as a binder, was 
prepared in the fol lowing i^ianner.. 

Phenol, resin with SS% non- volatiles , 

manufactured by Suxui touio Bakeiite] was add^d as ^ binder ho 
100 parts by weight of the powdery catalyst prepared e.ccording 
to Production E^amplo X, snob that the oontent of uon - volatiXea 
in the phenol realsi becanie 47.7 part-s by weight. 
4- Methyl" 2- pen tanone waB added as solvent thereto such that 

14 
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iiito 600 pieces with 30 cm x 6 .cm,- and .liaif of -the pieces were 
corruga ted in a wavy f .oxm>. s taql?.ea aX t e r.^U^; t ly t: ttl^ : r ania i n.i rig 
planar catalyst specimens^ into a Bqi^tare pillar hoI4^r 

•used in a .stirriaa tank f-lsc^ed-b^cl rea-ctor , and cured at ISO^C 
tpr ^0 mis^^Jtea^ to fix the :f li^^-^t:yp*ssi catai^ ob both aides 

\J .t^ i^.i.i- w : A. J' j^-? IX" v.> ^ J- .• ^ i t. V^** ^ w 4* w >«n>? w >v vVv^. "•'"i^ V V"" ^■>^- ^-^--^5 ■• -■ - w ^-^ 

catalyst on one aide, exdiiiding the thicknesa of the copper 
foil, was 4 .9 pa^ and the totai weigbt of the film- type catalyst 
eKCliidincr th^ weiqht of the copper foil was 202 



Oor^aratiw PX'Oductlpn ExaiBple 1 : Production of a pellet- type 

£ ixed by tabl et ting molding ^asprepared in. the f ol iowlng mariner . 

The piowaer before, calcination obtained in the step of 
preparing the powder y cat alya t in Product iori Escasi^pl e 1 was molded 
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surface ^ vfas expre^sesl as v^s/Ss^ wherein ¥3? ^olu^e and 85. is 
outer surl:ao?3 ar^a. and was 500 ym^ 



Tlie circul.atina fixed-bed reactioii apparatus shoi^^n 
laurvX aXcplaoI and dimethYla?x5.ine as the s tar ting iaataxials * 



Example l 

^fee f iiin- type ca:feal:|j^st a obtained in Production Exasr^ple 
1 loaded into tha reaction cplumn 1 > The volume of the 

loaded flXnt- t^pe catalyat was 17 0 mB, and a plural ity af f low 
paths each having a sectional area about 0>1 cm'^ running 

from the filiii"t;Fpe catalyst. 600 g lauryl alcohol CKALCOI,^ 20 
st^aaufaeturedfay Kao Corporation^ i^^as introduced into the buff er 
ta.nk 2^ and while a hydrogen gas was fed at a flow rate of D.3 

in terms d^f volutne under Btan<3ard conditions, :and 
ciraulation of the liquid hetis?s£an the bi:if f^r tank i and the 
reaction colUArsn 1 was caxried o-ut at a f Io%^ rate of 2 L/rtiin. 
'I^ha texnperature in the reaction coiuj^n 1 was increased, to 210''C^ 
and then dimethylamine wap fad to initiate the reaction at 2iO^C . 
Tiia aaiount of dixuathyla:^$ina fed^ wlsich vvas regulated in 

*w $5 v^-¥- ss^^r^ a>5TiT>^•"^ t hi=^ T iv'>^'^ Flv^ hou^"^ a f teT the r^?$act Ion 
was A.n:i t:iaxao. . x.eea 01 u^:.iiiecji^yx<5.i:u.i..tA^ sv^;:^>i.s^^AXi^;V«Of aUv^ v*v>5j 



J>tt 



•waole SD^utxoa 1b. tBa .o.ur£.e.r- tan^c ^ ana tne rec^ct-xoB. coxiBTin 
1 \s?:aB dii^charg-ed. As a resul t :of gas j^hromatography and 

alcohol wa^s 1% ^ f ormed :^^-d0^ecyI -M, H-axme thy was $5% i 

and H , M - didodacyl - irse..t.fiylami?^e as a bxprod^ct tertiary amixis 
was 4%> Be H-TridodecylairsiB^^^ could not. be Setadted- 



Bramctioii EKa^mple 1 waa loadedl into tlic reaction column l . 
^The voIur?ie of tiie loaded catalyst v^a^s 17 D ml*. The t^iBp^xatur^Si 
|n the reap t ion :cq lusnxa 1 was increased to 21D^C by the .aaaite 
procedure as Ib Essainple 1, aiid than dimetEylamine was f ed t;o 
initiate the reaction. Tfe..e amount of dimethYlamine fad, which 
was reg\Jlated la accordaBce with the progress of t1:ie r;^act.ion, 
was 0 > 8 g/min ... db average dnrlng; tke .reaction . Five honrs af ter 
the r ea q t i on as i n i t i a t ed , f e ed o f d im^ tl^y 1 amine wa 8 t ermi na; t ed 
and tke w^hole solution in the buffer tank 2 and the reaction 
coi^tnn i was discharc^ea. As a resialt of gas chroir^atDgxaphy 
in tke same issanner as in Example 1,- tmraacted laurel alcohol 

30%, fox^jned H-dadec2(^X-M> H-aimetbyla^ine €0%. 
My M- diacdec;^! -H-s?^etbyl as a byproanct tertiary amine was 

S%., and others^ ^ere 5% > Tkat ia . the rate of reaction, ^as lower 
tkan in Exainple 1, the as^o^^nt. of tfee pyprpdnot was high ana 



Exar^:o.lea 2 to S 



The bubbling tank reac^tion apparatus sbowsn in Fig . 2 was 
usiSd to produce H-dod.eC/^l'-H^l^^-disaeth^lapiin^^ trom lauryX 
alcob.pl and dimetbylamine as tbe starting materials. 

TJ^e f ilxB- ti?^pe catalyst B obtained Ib Produotion Example 
2; wa a: loadea Into the reaction taak 1 ... The v^olume of the loaded 
f ilix^-typ^ eataiy;Bt waa 276 jsL^. and a pl"uraiity of flow packs 
eac^b baving a sectional area of about 0 .1 om^ running ii^: tbe 
vertical dix action of tfee roaetlon tank 7 were foxH^ed from th^ 
fil^i-type catalyst. 1000 g la^iryi aicohoX (Ki^i-LCrOL 20 
jiiaxi^afactur ed by icao Corporation) was introduced into the 
reaction tank 7, and whila ^ bydxogen gas wa^ fed at a flow 
rata of 0.33 L/x^in , in terms of volume under standard condi tions, 
the temperature in tbe react ioin taXi.K: 7 was increased to 
and then dimethyl amine was fed to initiate the reaction at 22 0""C. 
The amox:int. of d i me tbyl angina fed, which was ragulated in 
accordance wi th theprogresa of tbe reaction , vvas 3 00 g in total . 
The solntion. in the react ioii tai^k 7 w^as sampled with time and 
analysed by g:as cbroHiatography to quantify its components by 
the area pfercentage method. Wben ^inreaeted lauryl alcoboi was 
1%, feed of diinethylasx^ix^e was terniinated to finish the reaction, 
and the whole solntion was discharged f rox?i tbe reactiox^ tani<: 
7 . The reactloa activity a [/Hr/% - activ:a substancei per unit 
weigbt of the catalyst acti-ve stibstanne was 3 . S [/Hr/% - acti^^'e 
subatanoe] aa ?:i^terB^ine<i from the f ollowing f (1) by uaing 

the oonoentration € C%) of nnreacted alcohol 0.5 hour before 



cataij^st, aad the assount [parts by wigl^t baaed: on IDD parts 
incorporated into the fiXi^-type catalyst. 
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1000 



.■A . .... ■ ■ ■ 

solution by ^as chrpsnatpgrapliy , f oritiea 
dodecvl - H ... dl me t liy 1 ami n e. was . 1% ^ and 

■<*r* ^ ... ..... .... ^ 

5v7%, ^> H^S" TrldaGylam^ could not be detected. ^Jie wiiole 
volume o£ tfee 41^<^h^^^9^<S bqIu t ion wae f 11 tex^d tl^r^s^ugh a is^epbx^ne 



aBK)unt tiae genera ted tli^e powders was 0,13 <j. 



M«i ;» :t5 ^ 1: >* i» rft i'N^ '"^ 1 >^ "r^"* 

c^»-: V •»*>*-'fc S- V % vvit >*-N W N*" O V ^"^^ 'v .-^ "< x"" "^s t'N VCr V"" 4?'"*-- ■■^V V" ■»'•■^ V^^C -'N- "^^ ?■ 2 

V-^ VvaC-> Vv» V^' A-w 'Xv . X^" Vi*^ V-> -V-i A*V <^V-.-V«>\ iS-X h -.-^^ A->K V^-^C- Vk^ A>A->*> -<.K* ••V*. ■'if^- 

am to 5 ii^a '^s^as ^>eaadra<3 with, a .j^ercur^r poroaiii^etrY meaaisrlH^ 
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vv- 4V. v.vJ.%N V- > ;•• N-' ilv N..- ^k. ..v' i>«' ^- .J i■-^^v.v•^.%v ^'>. ."^.^ V.-- v-- ...v '••■■i •V"'- y v-.>. J;.>^ X«V v'' 
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¥g was 2. 9 TnL/:?tr. 



-s-'^Aiki -V.' j,^ v.* .%.*■ «<»■' ^' 'w^ 



iLi. i; Oils X Si s-i, X Y ^ 



conditions sho^n in Table 2 by the -same s^etfeod as in Example 
2 . The r eac.t ion. ac t i vi ty per uiiit weight of tbe catalyst active 
s^ibstance, the results of quantification qf the Qischarg^d 
sol'ution by qas ehromatDaraphy* the .amount of the fine powders 

»-v y-\\s5; v' sft ■iSsi <^ •$-"->".^vw ^'i ^ "f^^i A „ >"*<A §*■ SS ^ ■<.?<5*^ £S "^^^^'^^iSji ■^y^'^t'S ■S:>>'l>«SS 'Si.? <SS sii 

<5 i ivt Jiv srSV-J .J. l.-'^xil w.i.isTS i^^ v*.^ i?*^^ ^ O. v.- O; j?. ■SS s*^ , vx»>^ sS v s.v^j>. Vv ?:?^ ^vl- 



Exam^sXe 6 



3 . 1^ 



V.N *»V V^* *.H-^ -V.N N*-* 



i-ss X ■> >' J -'^'^ »^ '^"^ s*^.- fc-^. v-' ^: ."X' >». ^^"^ n*^ x ^ > 



4.S 



^5 was ^,o.5ae;Q into tne scfuare paxxar noi^aer 14 ana tit xn tbe 
reaction tanic 13. The voluma of the .1 ^a<a^a f ilm-typ^ catalvst 

area, of about 0 I cm" running in t'he vertical direction of the 
reaction tatak 13 were f orsaed f x-oxt< the film- type- catalyst . 46 . 1 
kg lauryl aiconol {KALCDL 2 0 manufactured- by Kao Corpcration) 

;v vi. vv -V %^ v^v' Uv, '•^i- ,isx;v, ws.^' >w.x.'^<:? .1, ?s i A v.<S.ii..jS, Ji- ^> Vv i4 .JU "^5! is^ V UV.i, ^■::^i- 

gaa was fed at a. flow rate of 2S h/mxn. in terms of ^olu5?^e under 



^•ivaiiaara coaaxtio^^s..^- tn.0. soa.ucxon was Bti.rrad at a revolution 
nuxnher of SSO rpm with a conca-^^ turbine bXacle, the temperature 
in the reaction tank 12 i^as increased to 22S^C# and then 
di^ethylamine wa^ fed to initiate the react tosi at ^BS'^C. The 
amount at oimetny'i.ai^xne te-a> ^axch was reguxa-t^d ;xn accoraaxice 
with the progress ox the reaction, was 50 g/miii . on average 
during the reaction . 4 . 8 hours af ter the reaction was initiated 
feed of dlT?^ethylamine was terminated, and the whole of the 
solution dJ-ncfeargad froiB the react ipa tauk 13 , As a result 
of gaa chrostiatogr^phy an^i quantif ication by the area pereentage 

V5 — j'^N ."^ >">! v>' "S VS" „ v^S A <s J' ^ > 7 -w^ at ■it? St '5 A ifc -a, w .j^h 



FilM-typB catalyst A: 



\ C u " N 1 -R u tiarnary elesxant povrfderv CsStalvBt 



( j^xcXuding the 

J. 



I R fixation 




*^Tke thickness? of the pallet- rype x^ataXy'st Is thiokit^^^s^sJisasssd oil 

i:5uta^ surface. 

^ ^'^ B.e^c4us^r. 3 0% ^^mr sac tad Btap>ing aicokol r^isaijiad,, the x ^ac t ion 
act:ivi.t.y waB calculatad by tha f ormula ri) ^hereixi InC w^s rspiac^ja 
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FiXs?i-- type 

Cat ci.l y s 1: V Ive 



(parts 



C N j F U 5Siles^ia^:st pi::s->?dery c^t:aly>$ 

100 1 



10 0 



100 



100 



^ 

:r 

yjos:^ ^- v<5 1 a t 1 ?s ^ ^ 



(partes 
by 



19 copper foil) 



Film, thickness 



— 



^ " ^^^^thyl arran t 

AsT-Qunt of fine 
powder a 



I f/Hr7%.) 





